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VCc, Elliott Brothers (Lomxdn) Limi- 
ted, a British Company, of Century Works, 
Lcwisham, London, S.E.13., do hcrebv de- 
clare this invention, for which we pray that a 
Patent may be granted to us, and the method 
by which it is to be performed, to be particu- 
larly described in and by the following state- 
ment : — 

This invention relates to a sysrem for re- 
ducing peak wing stresses which occur in an 
aircraft structure due to carrying out V 
manoeuvres or flying in rough air, or for 
means for minimising the fansue effects of 
manoeuvring or flving in rough air. The sys- 
tem is of particular value in "the case of cer- 
tain types of aircraft which arc flown mainly 
at low altitudes. 

In the preferred embodiment of the inven- 
tion the aircraft fs provided with lift- varying 
control surfaces, such as ailerons, at or near 
each wing tip and for the purposes of this 
specification such control surfaces will be re- 
ferred to as "alleviators". The terms x-axis 
and z-axis will be used with- their normal - 
aerodynamic meaning, i.e. these axes are fixed' 
in the plane of symmetry of the aircraft and 
are mutually perpendicular, the roiling or x- 
axas substantia41y coindding with the -fuselage 
datum line and the z-axis being the axis of 
yaw. 

According to the invention a system for 



The term structural fatigue damage in this 
specification and claims means the fraction of 
fatigue life expended. Fatigue life depends on 
the number of fluctuations in c.n. aircraft 
wing roof bending moment as well as the 
r.m.p. value of these fluctuations-. 

The invention also includes apparatus for 
operating the system, such apparatus evp Wip- 
ing three /-axis ;:ccc!eromc:ers suhstanrijllv 
in the same position measured in the \-d:rcc- 
lion and located cr.c in or ne:r each win» tip 
and enc in the plane of symmetry of the" air- 
craft and computing and e!<»cd-!oc-p servo 
systems arranged so~ that the output o! the 
acccicromctcrs operates alleviators in such a 
way as to alleviate structural stresses. 

An aircraft having the system and appara- 
tus of the invention is also included as being 
within the scope of the invention. 

The preferred embodiment and variations 
thereof wfll now be described by way of ex- 
ample with reference to the accompanying 
drawings in which: — 

Figure 1 is a general view of an aircraft 
equipped with the alleviating system; 

Figure 2 is a block diagram showing the 
overall principle of the invention; and 

- ^12** 3 ' 4 ^ 5 are bIock digrams show- ' 
ing different embodiments of the invention. 
Referring to Figure 1 an aircraft is indica- 
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w "'^ "ivwuvn a system ror neiemng to figure 1 an aircraft is indict- 

^Kh^^L f3dgUC .* n »* e "d * general b? the rcfe^Tm^ l 

2T«^?^£^ m f™*"" ^ *-™ s 2 is shown as being inclined* a 

^^^^^^ StreSSm ?° f u thCStrUC - ^ to the fusekge datlm line 3 asd 

ture ^comprises means for sensing the cones- the z-axis 4 is peipendlcular to the x-aJs 

pMdingflexural accelerations associated with 2. Ac«fcromet<^T1^d7 are fitted atlhe 

aSSltX ,OT si **"& Pfrtaad starboard wing tips and f uTS pfa£ 

s«sed to. means which will of symmetry of the aircraft respectively so as 

^Sf^o^^r^ ^^ 5033X0 ° Pposc measure acceleration in a directicTp^d 

T^£?3E^u~ • to the zsixis. The accelerometers are sGtefcui- 

^Tbe invention also include apparatus neces- tiafly in the same position fore-and-aft i.e. 

**y for the carrying out of .the system. measured in the x-dirwtioo. AHcviatonfs aid 
{Price At. 6d.] 
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9 are provided at the port and starboard wing 
tips respectively. 

• In the block diagram, Figure 2, air turbu- 
lence 10 /acts on an elastic aircraft J 1 so as 
. to produce wing flexural accelerations 12 lead- 
ing the wing flexure 13 and resulting wing root 
fatigue stress 14. The closed alleviating loop 
is shown as starting from the aircraft 1 1 and 
proceeding through the wing flexural accelera- 
tions 12, the wing tip and central accelero- 
meters 15, the alleviator actuators 16, the 
alleviators 17, the aircraft aerodynamics 18 
and back to the aircraft 11. 

Denoting the outputs of the port, starboard 
and central accelerometers by a p , a., and a c 
respectively, then for a hypothetical struc- 
turally inflexible aircraft in symmetrical flight 
a P =a,=a r . As a result of the structural com- 
pliance, specifically wing bending, of an actual 
aircraft the values a p and a„ equal as before 
now differ from a,, and the equal differences 
a„^a,. and a,— a r arc measures of wing bend- 
ing and may be used to deflect the alleviators 
in the sense to reduce this bending. The fact 
that the 'flexural accelerations' a 0 — zu, a,— a,, 
have 1S0° phase advance relative to wing 
flexural deflection or wing root bending 
moment, and that only a very small (aero- 
dynamic) lag exists between change of allevia- 
tor control angle and the corresponding change 
of local wing lift, enables such deflection of 
the alleviators to reduce fluctuations in wing 
root bending mcmcnt. The symmetrical flight 
case is an abstraction and in practice the sig- 
nals a^— a.., a, — a. will differ due to aircraft 
angular acceleration in roll or to excitation 
of anti-symmetric wing bending modes. 

Figure 3 shows diagrammatically one way. of 
performing the invention, in which the port 
and starboard alleviator control demands are 
k(a p --a c ) and k(a.— a,.) respectively before 
shaping. Figure 4 shows another way of per- 
forming the invention in which the demands 
arc initially for pitchwise alleviator control 
angles of k, [i<a p +a.)— aj and roUwise alle- 
viator control angles of k, (i(a p — but the 
demands for port and starboard alleviator 
control angles must -again separately be com- 
puted and fed to the respective electro- 
hydraulic actuators. This way is more com- 
plex than the first, being equivalent to it only 
if k,=k»=k when- *phch-f roti* demand be-" 
comes kfo-ao) and 'pitch-roll' demand 
k(a,— aj. In the general case where k, and 
k, ate. unequal the demands for port and star- 
board aHeviator angles are r es p ec tive ly 
Kki+k,) a^+i^-kO a,-^ and 

K*i— *t) ap+lfc+kO >W» shaping 
apart. . 

This extra complication is reflected ia the 
en h anced flexibility whereby, the gains k, and 
k, in the pitch and roll channels, respectively 
are at choice whereas in the first* system these - 
gains are'esentially equal. 

The special case.k,=0 is noteworthy; the 



- demands to both alleviators are then 
ki[K a P + a-) — M> shaping apart, and are thus 
purely pitchwise. The demands of "this type 
of control are most simply: met by the: ar- 
rangement shown in Figure .5. 

It will be appreciated that in Figures 3, 
4 and 5 the details of known servo an such 
as feedback loops have been omitted for the 
sake of clarity. The values of the gains K, 
K, and K 3 and the detailed design of the 
shapcrs, usually in the form of RC filters, are 
chosen to give optimum alleviation in each 
application but these choices arc not quanti- 
tatively critical. 

AH embodiments cf the system have the 
advantage that the operation is unaffected by 
either a constant *g* as in steady turning flight 
or by angle of climb or descent, the system 
having high-pass characteristics by virtue of 
the manner in which the acccicrometcr out- 
puts are differenced. Operation is also un- 
affected by angular velocities of pitch and roll 
which arc not 'seen' by the accclerometerr 
Angular acceleration in pitch gives a negligible 
alleviator demand because, as previously 
stated, the three accelerometers arc substan- 
tially in the same fore-and-aft position. 

In addition to alleviation of win? root 
bending moment there is a reduction of wing 
root shear stress via the lift chance due to 
movement of the alleviators. If greater alle- 
viations of bending moments or shear stresses, 
particularly the latter, arc required then one 
or more sets cf controls inboard of the allevia- 
tors described may be operated in sympathv, 
completely or only pitchwise, with the allevia- 
tors. 

Operation of the alleviators has virtually no 
effect on the pitching of the aircraft whose 
natural frequency is very much lower than 
the natural frequency of wing flexure allevia- 
ted by means of the invention. Hence the 
invention may be. operated in conjunction with 
a pitch autostabiHser system with negligible 
coupling between -the two whether they us 
the same or different control surfaces. 
. Operation of the invention brings about a 
large increase in damping of the wing first 
bending mode (modes near the roots) with an 
accompanying reduction in frequency. The ac- 
celeration response of the aircraft, to an iso- 
lated gust is thereby reduced, as also* is the . 
.first peak of consequent wing bending. 

In rough air there is a significant reduction 
in both the average (root means square) "fluc- 
tuation of the wing root bending moment 
about the calm air value and in the frequency 
of fatigue-generating fluctuations of this load. 

In manoeuvres where *g* is applied by the 
pilot or autopilot the invention reduces the 
peak values and fluctuations of wing root 
bending moment without affecting however the 
fundamental aircraft stability and control 
characteristics — * in particular the values of - 
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stick movement and force per *g' are un- 
altered. 

WHAT WE CLAIM IS: — 

1. A system for reducing structural fatigue 
damage which wouJd otherwise occur in an 
aircra-ft structure as a result of repeated 
stressing of the structure comprising means for 
sensing the corresponding flcxural accelera- 
tion associated with such stressing and means 
for signalling the accelerations so sensed to 
means which will actuate aerodynamic sur- 
faces so as to oppose such accelerations. 

2. A system according to cteim 1 comprising 
three z-axis accclcromctcrs substantially »n 
the same position measured in the x-dircction 
and located one in or near each wing tip of 
the aircraft and one in the plane of symmetry 
of the aircraft and computing and closed-loop 
servo systems -arranged so that the output of 
the accclcromctcrs operates alleviators in such 
a way as to oppose flcxural accelerations asso- 
ciated with the stressing of the aircraft struc- 
ture. 

3. A system according to claim 2 in which 
the output of each of the three accelcromctcrs 
is fed into an •amplifier having two separate 
output signals one of which operates a port 
alleviator and the other of which operates a 
starboard alleviator, each of the two latter 
output signals passing through a separate 
shaper into a separate potfer amplifier so as 
to operate a separate electrically controlled 
actuator which in turn operates its respective 
alleviator. 

4. A system according to claim 2 in which 
the output of each of the three accclcromcters 
is fed into a first amplifier having two separate 
output signals one of which relates to pitch- 
wise alleviator demand and the other of which 



relates to roll wise alleviator demand, each 
amplifier output signal passing into a separate 
shaper the output signals of which pass into 
a second amplifier also having two separate 
output signals each of which relates to .com- 
bined pitchwise and rollwise alleviator de- 
mands, one of which latter output signals 
operates the port alleviator and the other of 
which latter output signals operates the star- 
board alleviator, each of the latter output sig- 
nals passing through a separate power ampli- 
fier so as to operate a separate electrically 
controlled actuator which in turn operates its 
respective alleviator. 

5. A system according to claim 2 in which 
the output of each of the three accclcro meters 
is fed into an amplifier having a single output 
signal passing into a shaper having two out- 
put signals, each of the latter output signals 
passing through a separate power amplifier 
so as to operate a separate electrically con- 
trolled actuator which in turn operates its 
respective alleviator. 

6. A system for reducing structural fatigue 
damage substantially as described with 
reference to the accompanying drawings. 

7. Apparatus for reducing structural fatigue 
damage substantially as described with 
reference to the accompanying drawings. 

S. An aircraft having a system according 
;o any of claims I to 6. 

9. An aircraft having apparatus according 
to claim 7. 

CLEVELAND AND JOHNSON, 
Agents for the Applicants, 
Chartered Patent Agents, 
Chancery House, 
Chancery Lane, 
London, W.C.2. 
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